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General Information

Melting points were measured using a melting point instrument and are uncorrected. 1H and 13C 

NMR spectra were recorded on a 400 MHz NMR spectrometer. The chemical shifts are referenced 

to signals at 7.24 and 77.0 ppm, respectively, and chloroform was used as a solvent with TMS as 

the internal standard. IR spectra were obtained with an infrared spectrometer on either potassium 

bromide pellets or liquid films between two potassium bromide pellets. GC-MS data were 

obtained using electron ionization. HRMS was carried out on a high-resolution mass spectrometer 

(LCMS-IT-TOF). TLC was performed using commercially available 100-400 mesh silica gel 

plates (GF254). Unless otherwise noted, purchased chemicals were used without further 

purification. The ionic liquids ([Bmim]Cl, [C2OHmim]Cl, and [C2O2mim]Cl) were synthesized 

using reported procedures. The bromoalkynes and chloroalkynes were prepared according to the 

literature.

Typical Procedure for the Preparation of Functionalized Oxetanes

A mixture of haloalkynes (0.15 mmol), enols (0.18 mmol), PdCl2 (1.8 mg, 3 mol%), AgNO3 (0.30 

mmol), ionic liquid (0.5 mL) in a test tube (10 mL) equipped with a magnetic stirring bar. The 

mixture was stirred under the atmosphere of air at room temperature. After the reaction was 

completed, 10 mL ethyl acetate (3×10 mL) was added into the tube. The combined organic layers 

were washed with brine to neutral, dried over MgSO4, and concentrated in vacuum. Purification of 

the residue on a preparative TLC afforded the desired products.

Optimization of the Reaction Solventsa
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Solvents1a 2a 3a

PdCl2 (3 mol %), CuCl2 (2 equiv)

Entry Solvent Yield (%)b Z/E
1 [Bmim]Cl trace -
2 [Bmim]BF4 N.D. -
3 [Bmim]PF6 N.D. -
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4 [C2OHmim]Cl 6 95/5
5 [BuPy]Cl trace -
6 [C2O2mim]Cl 9 97/3
7 [HO2Etmim]NTf2 N.D. -
8 [HO2Etmim]HSO4 N.D. -
9 [CPmim]Cl 8 95/5

a Reactions were performed with 1a (0.15 mmol), 2a (0.18 mmol), PdCl2 (3 mol %) and 

CuCl2•2H2O (0.3 mmol) in the indicated solvent (0.5 mL) at room temperature for 12 h.

N N
X

X= Cl [Bmim]Cl
X= BF4 [Bmim]BF4
X= PF6 [Bmim]PF6

N N
OH

Cl

[C2OHmim]Cl

N
Cl

[BuPy]Cl

N N COOH

Cl

[C2O2mim]Cl

N N

X

COOH

X= HSO4 [HO2Etmim]HSO4
X= NTf2 [HO2Etmim]NTf2

N N

Cl

CN

[CPmim]Cl

Figure 1. Ionic liquids applied in this work

Characterization Data for All Products 

(Z)-2-(2-bromo-3-chloro-3-phenylallyl)oxetane (3a)

Yield: 76% (32.6 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.35-7.28 (m, 3H), 7.27-7.21 

(m, 2H), 3.86 (dd, J = 13.2, 6.8 Hz, 1H), 3.75-3.61 (m, 3H), 3.22-3.13 (m, 1H), 2.06 (dt, J = 15.6, 

7.6 Hz, 1H), 1.87 (dt, J = 12.8, 7.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 137.5, 132.5, 129.2, 

128.8, 128.6, 128.5, 71.9, 68.6, 44.8, 32.6 ppm; νmax(KBr)/cm-1 3077, 2926, 1641, 1507, 1451, 

1410, 1122; MS (EI) m/z 115, 142, 177, 221, 256, 286; HRMS(ESI): m/z calcd for 

C12H12BrClNaO [M + Na]+ 308.9652, found 308.9652.
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(Z)-2-(2-bromo-3-chloro-3-(m-tolyl)allyl)oxetane (3b)

Yield: 78% (35.1 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.29 (d, J = 7.6 Hz, 1H), 

7.19 (d, J = 7.6 Hz, 1H), 7.13-7.05 (m, 2H), 3.93 (dd, J = 13.2, 8.0 Hz, 1H), 3.81-3.69 (m, 3H), 

3.33-3.18 (m, 1H), 2.37 (s, 3H), 2.18-2.07 (m, 1H), 1.93 (dt, J = 12.4, 8.0 Hz, 1H); 13C NMR (100 

MHz, CDCl3) δ 138.6, 137.5, 132.6, 129.9, 129.1, 128.6, 128.2, 125.6, 72.0, 68.6, 44.8, 32.6, 21.4 

ppm; νmax(KBr)/cm-1 3068, 2924, 1635, 1455, 1408, 1110; MS (EI) m/z 115, 128, 153, 176, 190, 

254, 300; HRMS(ESI): m/z calcd for C13H14BrClNaO [M + Na]+ 322.9809, found 322.9807.

(Z)-2-(2-bromo-3-chloro-3-(4-ethylphenyl)allyl)oxetane (3c)

Yield: 83% (39.1 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.22-7.17 (m, 4H), 3.93 (dd, 

J = 13.2, 8.8 Hz, 1H), 3.82-3.71 (m, 3H), 3.38-3.15 (m, 1H), 2.67 (dd, J = 15.2, 7.6 Hz, 2H), 2.18 

-2.09 (m, 1H), 1.95 (dt, J = 12.4, 8.0 Hz, 1H), 1.26 (t, J = 7.6 Hz, 3H); 13C NMR (100 MHz, 

CDCl3) δ 145.5, 134.8, 132.7, 128.5, 128.2, 126.5, 71.9, 68.6, 44.8, 32.6, 28.6, 15.2 ppm; 

νmax(KBr)/cm-1 3060, 2926, 1642, 1508, 1456, 1109; MS (EI) m/z 115, 141, 153, 191, 204, 268, 

283, 314; HRMS(ESI): m/z calcd for C14H16BrClNaO [M + Na]+ 336.9965, found 336.9959.
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(Z)-2-(2-bromo-3-chloro-3-(4-propylphenyl)allyl)oxetane (3d)

Yield: 77% (37.9 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.24-7.16 (m, 4H), 3.92 (dd, 

J = 13.2, 8.0 Hz, 1H), 3.82-3.69 (m, 3H), 3.32-3.24 (m, 1H), 2.60 (t, J = 7.6 Hz, 2H), 2.18-2.08 (m, 

1H), 1.94 (dt, J = 12.8, 8.0 Hz, 1H), 1.66 (q, J = 7.2 Hz, 2H), 0.96 (t, J = 7.2 Hz, 3H); 13C NMR 

(100 MHz, CDCl3) δ 144.0, 134.8, 132.7, 128.8, 128.4, 128.1, 71.9, 68.6, 44.8, 37.8, 32.6, 24.3, 

13.9 ppm; νmax(KBr)/cm-1 3062, 2927, 1642, 1505, 1453, 1108; MS (EI) m/z 115, 141, 155, 184, 

231, 263, 300, 328; HRMS(ESI): m/z calcd for C15H18BrClNaO [M + Na]+ 351.0122, found 

351.0123.

(Z)-2-(2-bromo-3-(4-butylphenyl)-3-chloroallyl)oxetane (3e)

Yield: 79% (40.5 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.22-7.16 (m, 4H), 3.92 (dd, 

J = 13.2, 8.4 Hz, 1H), 3.82-3.69 (m, 3H), 3.32-3.24 (m, 1H), 2.63 (t, J = 7.6 Hz, 2H), 2.19-2.09 (m, 

1H), 1.94 (dt, J = 12.8, 8.0 Hz, 1H), 1.62 (dd, J = 14.8, 7.6 Hz, 2H), 1.37 (dt, J = 14.4, 7.2 Hz, 2H), 

0.94 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 144.3, 134.8, 132.8, 128.7, 128.4, 128.1, 

71.9, 68.6, 44.7, 35.4, 33.4, 32.6, 22.4, 13.9 ppm; νmax(KBr)/cm-1 3056, 2928, 1642, 1486, 1453, 

1102; MS (EI) m/z 115, 141, 176, 198, 245, 277, 342; HRMS(ESI): m/z calcd for C16H20BrClNaO 

[M + Na]+ 365.0278, found 365.0274.
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(Z)-2-(2-bromo-3-(4-(tert-butyl)phenyl)-3-chloroallyl)oxetane (3f)

Yield: 85% (43.6 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.40 (d, J = 7.6 Hz, 2H), 

7.23 (d, J = 8.0 Hz, 2H), 3.93 (dd, J = 13.2, 7.6 Hz, 1H), 3.81-3.74 (m, 3H), 3.33-3.25 (m, 1H), 

2.18-2.09 (m, 1H), 1.96 (dt, J = 12.4, 8.0 Hz, 1H), 1.33 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 

152.4, 134.5, 132.7, 128.3, 128.1, 125.7, 72.0, 68.6, 44.7, 34.8, 32.6, 31.2 ppm; νmax(KBr)/cm-1 

3060, 2927, 1642, 1516, 1464, 1410, 1104; MS (EI) m/z 77, 95, 115, 141, 183, 277, 327, 342; 

HRMS(ESI): m/z calcd for C16H20BrClNaO [M + Na]+ 365.0278, found 365.0274.

(Z)-2-(2-bromo-3-chloro-3-(4-pentylphenyl)allyl)oxetane (3g)

Yield: 74% (39.5 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.23-7.14 (m, 4H), 3.92 (dd, 

J = 13.2, 8.4 Hz, 1H), 3.82-3.69 (m, 3H), 3.32-3.21 (m, 1H), 2.62 (t, J = 7.6 Hz, 2H), 2.19-2.07 (m, 

1H), 1.94 (dt, J = 12.8, 8.0 Hz, 1H), 1.66-1.59 (m, 2H), 1.36-1.30 (m, 4H), 0.90 (t, J = 7.2 Hz, 3H); 

13C NMR (100 MHz, CDCl3) δ 144.3, 134.8, 132.7, 128.7, 128.4, 128.1, 72.0, 68.6, 44.7, 35.7, 

32.6, 31.5, 30.9, 22.5, 14.0 ppm; νmax(KBr)/cm-1 3063, 2928, 1639, 1515, 1465, 1433, 1120; MS 

(EI) m/z 115, 141, 155, 176, 212, 259, 323, 356; HRMS(ESI): m/z calcd for C17H22BrClNaO [M + 

Na]+ 379.0435, found 379.0433.
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(Z)-2-(2-bromo-3-chloro-3-(4-hexylphenyl)allyl)oxetane (3h)

Yield: 72% (39.9 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.22-7.18 (m, 4H), 3.92 (dd, 

J = 13.2, 8.4 Hz, 1H), 3.82-3.71 (m, 3H), 3.32-3.24 (m, 1H), 2.62 (t, J = 7.6 Hz, 2H), 2.18-2.08 (m, 

1H),1.94 (dt, J = 12.8, 8.0 Hz, 1H), 1.66-1.58 (m, 2H), 1.35-1.28 (m, 9H); 13C NMR (100 MHz, 

CDCl3) δ 144.3, 134.8, 132.7, 128.7, 128.5, 128.1, 71.9, 68.6, 44.8, 35.8, 32.6, 31.7, 31.2, 29.0, 

22.6, 14.1 ppm; νmax(KBr)/cm-1 3057, 2926, 1637, 1485, 1410, 1108; MS (EI) m/z 85, 115, 141, 

176, 226, 305, 335, 370; HRMS(ESI): m/z calcd for C18H24BrClNaO [M + Na]+ 393.0591, found 

393.0589.

(Z)-2-(3-([1,1'-biphenyl]-4-yl)-2-bromo-3-chloroallyl)oxetane (3i)

Yield: 78% (42.3 mg) as a yellow solid; mp =140.5-141.8 °C; 1H NMR (400 MHz, CDCl3) δ 7.67-

7.58 (m, 5H), 7.46 (t, J = 7.2 Hz, 2H), 7.38 (d, J = 7.6 Hz, 2H), 3.95 (dd, J = 13.6, 7.6 Hz, 1H), 

3.86-3.71 (m, 3H), 3.38-3.30 (m, 1H), 2.21-2.11 (m, 1H), 1.99 (dt, J = 13.2, 8.0 Hz, 1H); 13C 

NMR (100 MHz, CDCl3) δ 142.1, 140.1, 136.3, 132.3, 129.0, 128.9, 128.7, 127.9, 127.4, 127.1, 

72.0, 68.6, 44.8, 32.7 ppm; νmax(KBr)/cm-1 3054, 2926, 1643, 1508, 1454, 1414, 1110; MS (EI) 

m/z 108, 165, 189, 218, 265, 299, 329, 345, 362; HRMS(ESI): m/z calcd for C18H16BrClNaO [M 

+ Na]+ 384.9965, found 384.9967.
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(Z)-2-(2-bromo-3-chloro-3-(3-chlorophenyl)allyl)oxetane (3j)

Yield: 70% (33.6 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.48-7.38 (m, 1H), 7.36-7.31 

(m, 2H), 7.18 (d, J = 7.2 Hz, 1H), 3.94 (dd, J = 13.2, 8.0 Hz, 1H), 3.82-3.72 (m, 3H), 3.25-3.15 (m, 

1H), 2.13 (dt, J = 15.2, 7.6 Hz, 1H), 1.96 (dt, J = 12.4, 8.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) 

δ 139.1, 134.7, 131.0, 130.8, 130.0, 129.4, 128.7, 126.7, 71.9, 68.6, 44.8, 32.6 ppm; νmax(KBr)/cm-

1 3056, 2925, 1645, 1519, 1455, 1106; MS (EI) m/z 115, 141, 196, 257, 292, 320; HRMS(ESI): 

m/z calcd for C12H11BrCl2NaO [M + Na]+ 342.9263, found 342.9265.

(Z)-2-(2-bromo-3-chloro-3-(4-chlorophenyl)allyl)oxetane (3k)

Yield: 71% (34.1 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 8.0 Hz, 2H), 

7.19 (d, J = 8.0 Hz, 2H), 3.92 (dd, J = 13.6, 8.0 Hz, 1H), 3.83-3.71 (m, 3H), 3.36-3.28 (m, 1H), 

2.15 (dt, J = 15.2, 7.6 Hz, 1H), 1.96 (dt, J = 12.4, 8.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 

135.9, 134.5, 132.8, 132.0, 130.4, 123.5, 70.9, 68.6, 43.6, 31.4 ppm; νmax(KBr)/cm-1 3026, 2928, 

1641, 1494, 1455, 1112; MS (EI) m/z 105, 139, 176, 220, 255, 281, 320; HRMS(ESI): m/z calcd 

for C12H11BrCl2NaO [M + Na]+ 342.9263, found 342.9265.

(Z)-2-(2-bromo-3-(4-bromophenyl)-3-chloroallyl)oxetane (3l)
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Yield: 70% (38.2 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 7.2 Hz, 2H), 

7.18 (d, J = 7.6 Hz, 2H), 3.93 (dd, J = 13.2, 7.2 Hz, 1H), 3.80-3.70 (m, 3H), 3.25-3.16 (m, 1H), 

2.13 (dt, J = 16.0, 8.4 Hz, 1H), 1.96 (dt, J = 12.4, 8.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 

136.4, 132.0, 131.2, 130.2, 129.2, 123.5, 71.9, 68.5, 44.8, 32.6 ppm; νmax(KBr)/cm-1 3050, 2924, 

1645, 1516, 1462, 1412, 1109; MS (EI) m/z 115, 141, 176, 220, 277, 301, 364; HRMS(ESI): m/z 

calcd for C12H11Br2ClNaO [M + Na]+ 386.8757, found 386.8753.

(Z)-4-(2-bromo-1-chloro-3-(oxetan-2-yl)prop-1-en-1-yl)benzonitrile (3m)

Yield: 63% (29.4 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.71 (d, J = 7.6 Hz, 2H), 

7.44 (d, J = 7.6 Hz, 2H), 3.95 (dd, J = 13.6, 8.2 Hz, 1H), 3.76 (dq, J = 16.4, 8.0 Hz, 3H), 3.14 (p, J 

= 7.6 Hz, 1H), 2.13 (dt, J = 16.0, 8.4 Hz, 1H), 1.95 (dt, J = 12.4, 7.2 Hz, 1H); 13C NMR (100 MHz, 

CDCl3) δ 141.8, 132.6, 132.2, 130.2, 129.5, 117.9, 113.2, 71.9, 68.5, 44.9, 32.7 ppm; 

νmax(KBr)/cm-1 3045, 2925, 2262, 1641, 1498, 1415, 1127; MS (EI) m/z 140, 167, 202, 248, 283, 

311; HRMS(ESI): m/z calcd for C13H11BrClNNaO [M + Na]+ 333.9605, found 333.9603.

(Z)-2-(2-bromo-3-chloro-3-(4-(trifluoromethyl)phenyl)allyl)oxetane (3n)

Yield: 64% (34.0 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.68 (d, J = 8.0 Hz, 2H), 

7.44 (d, J = 8.0 Hz, 2H), 3.94 (dd, J = 13.2, 8.4 Hz, 1H), 3.82-3.70 (m, 3H), 3.23-3.11 (m, 1H), 

2.14 (td, J = 15.2, 7.6 Hz, 1H), 2.01-1.92 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 141.0, 131.3 (q, 
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J = 1.6 Hz), 130.7, 129.9 (q, J = 32.8 Hz), 125.8 (q, J = 3.7 Hz), 125.3 (q, J = 269.8 Hz), 71.9, 

68.5, 44.8, 32.6 ppm; νmax(KBr)/cm-1 3038, 2928, 1643, 1484, 1454, 1109; MS (EI) m/z 115, 141, 

183, 210, 245, 289, 326, 354; HRMS(ESI): m/z calcd for C13H11BrClF3NaO [M + Na]+ 376.9526, 

found 376.9522.

(Z)-2-(2-bromo-3-chloro-3-(4'-propyl-[1,1'-biphenyl]-4-yl)allyl)oxetane (3o)

Yield: 78% (47.3 mg) as a yellow solid; mp =147.3-148.9 °C; 1H NMR (400 MHz, CDCl3) δ 7.60 

(d, J = 7.2 Hz, 2H), 7.51 (d, J = 7.2 Hz, 2H), 7.36 (d, J = 7.2 Hz, 2H), 7.27 (d, J = 8.4 Hz, 2H), 

3.95 (dd, J = 14.4, 7.6 Hz, 1H), 3.86-3.70 (m, 3H), 3.40-3.27 (m, 1H), 2.64 (t, J = 6.8 Hz, 2H), 

2.16 (dq, J = 15.6, 7.6 Hz, 1H), 2.07-1.90 (m, 1H), 1.69 (dd, J = 14.4, 7.2 Hz, 2H), 0.98 (t, J = 7.2 

Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 142.6, 142.1, 137.4, 136.0, 132.4, 129.0, 128.9, 128.6, 

127.2, 127.0, 72.0, 68.6, 44.8, 37.7, 32.7, 24.5, 13.8 ppm; νmax(KBr)/cm-1 3058, 2928, 1642, 1482, 

1415, 1121; MS (EI) m/z 115, 139, 207, 231, 281, 307, 339, 369, 404; HRMS(ESI): m/z calcd for 

C21H22BrClNaO [M + Na]+ 427.0435, found 427.0431.

(Z)-2-(2-bromo-3-chloro-3-(3,4-dichlorophenyl)allyl)oxetane (3p)

Yield: 72% (38.2 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.48 (d, J = 8.0 Hz, 1H), 

7.42 (s, 1H), 7.14 (d, J = 8.4 Hz, 1H), 3.94 (dd, J = 13.2, 8.4 Hz, 1H), 3.77 (dt, J = 15.6, 8.6 Hz, 
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3H), 3.26-3.13 (m, 1H), 2.13 (dq, J = 15.2, 7.6 Hz, 1H), 1.96 (dt, J = 12.8, 7.8 Hz, 1H); 13C NMR 

(100 MHz, CDCl3) δ 137.2, 133.7, 133.1, 130.8, 130.6, 130.2, 129.8, 127.9, 71.9, 68.6, 44.8, 32.6 

ppm; νmax(KBr)/cm-1 3027, 2927, 1642, 1495, 1457, 1111; MS (EI) m/z 139, 175, 210, 245, 289, 

326, 354; HRMS(ESI): m/z calcd for C12H10BrCl3NaO [M + Na]+ 376.8873, found 376.8871.

(Z)-3-(2-bromo-1-chloro-3-(oxetan-2-yl)prop-1-en-1-yl)phenol (3q)

Yield: 54% (24.5 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.27 (d, J = 5.6 Hz, 1H), 

6.85 (d, J = 8.2 Hz, 2H), 6.79 (s, 1H), 4.16-4.07 (m, 1H), 3.94 (dd, J = 13.2, 8.4 Hz, 1H), 3.84-

3.70 (m, 2H), 3.36-3.24 (m, 1H), 2.13 (dt, J = 20.0, 7.6 Hz, 1H), 2.01-1.90 (m, 1H); 13C NMR 

(100 MHz, CDCl3) δ 155.8, 138.9, 131.9, 130.0, 128.6, 120.9, 116.3, 115.5, 71.9, 68.6, 44.8, 32.6 

ppm; νmax(KBr)/cm-1 3027, 2928, 1642, 1484, 1453, 1124; MS (EI) m/z 119, 147, 182, 228, 293, 

302; HRMS(ESI): m/z calcd for C12H12BrClNaO2 [M + Na]+ 324.9601, found 324.9595.

(Z)-2-(2-bromo-3-chloro-4-phenylbut-2-en-1-yl)oxetane (3r)

Yield: 70% (31.5 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.34 (t, J = 7.2 Hz, 2H), 7.27 

(d, J = 10.8 Hz, 1H), 7.19 (d, J = 7.2 Hz, 2H), 3.96 (dd, J = 13.2, 8.4 Hz, 1H), 3.91-3.78 (m, 4H), 

3.73 (dd, J = 15.6, 7.6 Hz, 1H), 3.57 (dt, J = 16.0, 8.0 Hz, 1H), 2.19-2.10 (m, 1H), 2.09-1.99 (m, 

1H); 13C NMR (100 MHz, CDCl3) δ 136.4, 133.0, 128.8, 128.1, 127.3, 127.1, 71.8, 68.5, 44.0, 

42.0, 32.4 ppm; νmax(KBr)/cm-1 3038, 2926, 1645, 1500, 1455, 1111; MS (EI) m/z 91, 115, 128, 
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155, 185, 221, 264, 300; HRMS(ESI): m/z calcd for C13H14BrClNaO [M + Na]+ 322.9809, found 

322.9806.

(Z)-2-(2-bromo-3-chloro-3-(thiophen-3-yl)allyl)oxetane (3s)

Yield: 61% (26.7 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.35 (d, J = 4.8 Hz, 1H), 

7.31 (s, 1H), 7.09 (d, J = 4.8 Hz, 1H), 3.95 (dd, J = 13.2, 8.0 Hz, 1H), 3.85-3.73 (m, 3H), 3.50-

3.39 (m, 1H), 2.14 (dq, J = 15.2, 7.6 Hz, 1H), 1.98 (dt, J = 20.0, 10.0 Hz, 1H); 13C NMR (100 

MHz, CDCl3) δ 137.2, 129.2, 127.7, 127.4, 126.3, 125.2, 72.1, 68.6, 44.8, 32.7 ppm; 

νmax(KBr)/cm-1 3037, 2926, 1643, 1456, 1412, 1127; MS (EI) m/z 115, 134, 168, 213, 246, 292; 

HRMS(ESI): m/z calcd for C10H10BrClNaOS [M + Na]+ 314.9216, found 314.9215.

(Z)-2-(2-bromo-3-(5-bromothiophen-2-yl)-3-chloroallyl)oxetane (3t)

Yield: 59% (32.7 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 6.97 (d, J = 3.6 Hz, 1H), 

6.85 (d, J = 3.6 Hz, 1H), 3.96 (dd, J = 13.2, 8.0 Hz, 1H), 3.85 (t, J = 8.4 Hz, 1H), 3.76 (dd, J = 

16.4, 8.4 Hz, 2H), 3.64-3.46 (m, 1H), 2.14 (td, J = 15.2, 8.0 Hz, 1H), 2.06-1.96 (m, 1H); 13C NMR 

(100 MHz, CDCl3) δ 139.6, 132.2, 129.8, 128.9, 124.5, 115.2, 72.2, 68.6, 45.1, 33.0 ppm; 

νmax(KBr)/cm-1 3037, 2927, 1643, 1454, 1410, 1121; MS (EI) m/z 119, 147, 182, 228, 263, 305, 

370; HRMS(ESI): m/z calcd for C10H9Br2ClNaOS [M + Na]+ 392.8322, found 392.8317.
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(Z)-2-(2-bromo-3-chloro-3-(cyclohex-1-en-1-yl)allyl)oxetane (3u)

Yield: 63% (27.4 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 5.75 (s, 1H), 3.93 (dd, J = 

13.6, 8.2 Hz, 1H), 3.86-3.78 (m, 2H), 3.68 (t, J = 8.4 Hz, 1H), 3.59-3.48 (m, 1H), 2.12 (dd, J = 

12.0, 6.8 Hz, 4H), 2.05-1.91 (m, 2H), 1.69 (dd, J = 11.2, 5.6 Hz, 2H), 1.65-1.59 (m, 2H); 13C 

NMR (100 MHz, CDCl3) δ 135.8, 135.5, 130.1, 126.5, 72.1, 68.6, 44.6, 32.6, 27.3, 25.3, 22.3, 

21.6 ppm; νmax(KBr)/cm-1 3057, 2927, 1642, 1452, 1413, 1120; MS (EI) m/z 77, 91, 105, 145, 175, 

211, 253, 290; HRMS(ESI): m/z calcd for C12H16BrClNaO [M + Na]+ 312.9965, found 312.9963.

(Z)-2-(3-([1,1'-biphenyl]-4-yl)-2,3-dichloroallyl)oxetane (5a)

Yield: 67% (31.9 mg) as a yellow solid; mp =112.3-113.8 °C; 1H NMR (400 MHz, CDCl3) δ 7.61 

(t, J = 8.4 Hz, 4H), 7.46 (t, J = 7.6 Hz, 2H), 7.39 (d, J = 8.0 Hz, 3H), 3.94 (dd, J = 13.6, 8.0 Hz, 

1H), 3.87 (t, J = 8.4 Hz, 1H), 3.83 - 3.72 (m, 2H), 3.45 (p, J = 8.0 Hz, 1H), 2.19 (dq, J = 15.2, 7.6 

Hz, 1H), 2.04-1.95 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 142.2, 140.1, 135.9, 133.9, 129.5, 

129.3, 128.9, 127.9, 127.4, 127.1, 71.0, 68.7, 43.6, 31.5 ppm; νmax(KBr)/cm-1 3050, 2925, 1644, 

1515, 1456, 1111; MS (EI) m/z 108, 126, 165, 189, 217, 253, 283, 318; HRMS(ESI): m/z calcd 

for C18H16Cl2NaO [M + Na]+ 341.0470, found 341.0468.
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(Z)-2-(2,3-dichloro-3-(3-methoxyphenyl)allyl)oxetane (5b)

Yield: 56% (22.8 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.30 (t, J = 8.0 Hz, 1H), 6.90 

(dd, J = 15.2, 8.0 Hz, 2H), 6.84 (s, 1H), 3.92 (dd, J = 13.6, 8.2 Hz, 1H), 3.82 (s, 3H), 3.75 (td, J = 

16.0, 8.0 Hz, 3H), 3.39 (p, J = 8.0 Hz, 1H), 2.16 (dq, J = 15.2, 7.6 Hz, 1H), 2.05-1.84 (m, 1H); 13C 

NMR (100 MHz, CDCl3) δ 159.6, 138.2, 133.8, 129.8, 129.4, 121.1, 114.8, 114.4, 71.0, 68.7, 55.4, 

43.6, 31.4 ppm; νmax(KBr)/cm-1 3046, 2927, 1642, 1511, 1454, 1133; MS (EI) m/z 102, 128, 172, 

207, 227, 272; HRMS(ESI): m/z calcd for C13H14Cl2NaO2 [M + Na]+ 295.0263, found 295.0260.

(Z)-2-(2,3-dichloro-3-(4-methoxyphenyl)allyl)oxetane (5c)

Yield: 62% (25.3 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.25 (d, J = 11.2 Hz, 2H), 

6.91 (d, J = 8.6 Hz, 2H), 3.95-3.89 (m, 1H), 3.83 (s, 1H), 3.82-3.70 (m, 3H), 3.46-3.31 (m, 1H), 

2.17 (tt, J = 15.2, 7.6 Hz, 1H), 2.01-1.87 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 160.1, 133.1, 

130.6, 130.2, 129.3, 114.1, 71.0, 68.7, 55.4, 43.6, 31.4 ppm; νmax(KBr)/cm-1 3047, 2926, 1643, 

1513, 1455, 1135; MS (EI) m/z 105, 128, 167, 183, 207, 237, 272; HRMS(ESI): m/z calcd for 

C13H14Cl2NaO2 [M + Na]+ 295.0263, found 295.0263.
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(Z)-2-(2,3-dichloro-3-(3-fluorophenyl)allyl)oxetane (5d)

Yield: 67% (26.1 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.38 (dd, J = 14.0, 7.6 Hz, 

1H), 7.10 (t, J = 7.0 Hz, 2H), 7.04 (d, J = 9.0 Hz, 1H), 3.93 (dd, J = 13.6, 8.2 Hz, 1H), 3.88-3.70 

(m, 3H), 3.40-3.28 (m, 1H), 2.16 (td, J = 15.2, 7.6 Hz, 1H), 2.03-1.93 (m, 1H); 13C NMR (100 

MHz, CDCl3) δ 163.5 (d, J = 248.4 Hz), 138.9 (d, J = 7.9 Hz), 134.7, 130.4 (d, J = 8.4 Hz), 128.1 

(d, J = 2.1 Hz), 124.6 (d, J = 3.1 Hz), 116.2 (d, J = 50.1 Hz), 116.1 (d, J = 6.9 Hz), 70.9, 68.6, 

43.6, 31.4 ppm; νmax(KBr)/cm-1 3047, 2926, 1644, 1513, 1455, 1117; MS (EI) m/z 133, 146, 159, 

180, 195, 230, 260; HRMS(ESI): m/z calcd for C12H11Cl2FNaO [M + Na]+ 283.0063, found 

283.0064.

(Z)-2-(2,3-dichloro-3-(4-fluorophenyl)allyl)oxetane (5e)

Yield: 68% (26.5 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.33-7.27 (m, 2H), 7.09 (t, J 

= 8.4 Hz, 2H), 3.92 (dd, J = 13.2, 8.4 Hz, 1H), 3.85-3.69 (m, 3H), 3.39-3.24 (m, 1H), 2.16 (td, J = 

15.2, 7.6 Hz, 1H), 2.01-1.91 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 182.0, 162.9 (d, J = 248.7 

Hz), 134.2, 133.1 (d, J = 3.6 Hz), 131.0 (d, J = 8.4 Hz), 116.0 (d, J = 21.9 Hz), 70.9, 68.6, 43.6, 

31.4 ppm; νmax(KBr)/cm-1 3048, 2925, 1640, 1515, 1430, 1134; MS (EI) m/z 133, 159, 180, 195, 

230, 260; HRMS(ESI): m/z calcd for C12H11Cl2FNaO [M + Na]+ 283.0063, found 283.0063.
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(Z)-2-(2,3-dichloro-3-(3-chlorophenyl)allyl)oxetane (5f)

Yield: 69% (28.6 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.39-7.30 (m, 3H), 7.19 (d, J 

= 7.2 Hz, 1H), 3.93 (dd, J = 13.6, 8.0 Hz, 1H), 3.83 (t, J = 8.4 Hz, 1H), 3.75 (dd, J = 15.6, 8.4 Hz, 

2H), 3.32 (p, J = 8.0 Hz, 1H), 2.16 (dq, J = 15.2, 7.6 Hz, 1H), 2.05-1.93 (m, 1H); 13C NMR (100 

MHz, CDCl3) δ 138.6, 134.9, 134.7, 130.0, 129.4, 129.0, 128.1, 127.0, 71.0, 68.7, 43.6, 31.4 ppm; 

νmax(KBr)/cm-1 3057, 2927, 1644, 1514, 1432, 1108; MS (EI) m/z 113, 141, 176, 196, 211, 246, 

276; HRMS(ESI): m/z calcd for C12H11Cl3NaO [M + Na]+ 298.9768, found 298.9764.

(Z)-2-(2,3-dichloro-3-(4-chlorophenyl)allyl)oxetane (5g)

Yield: 68% (28.2 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.38 (d, J = 8.4 Hz, 2H), 

7.25 (d, J = 7.0 Hz, 2H), 3.92 (dd, J = 13.6, 8.0 Hz, 1H), 3.86-3.68 (m, 3H), 3.39-3.26 (m, 1H), 

2.16 (td, J = 15.2, 7.6 Hz, 1H), 2.02-1.89 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 135.4, 135.3, 

134.5, 130.2, 129.1, 128.4, 71.0, 68.6, 43.6, 31.4 ppm; νmax(KBr)/cm-1 3037, 2928, 1644, 1515, 

1445, 1133; MS (EI) m/z 105, 128, 171, 190, 203, 233, 276; HRMS(ESI): m/z calcd for 

C12H11Cl3NaO [M + Na]+ 298.9768, found 298.9766.
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(Z)-2-(3-(4-bromophenyl)-2,3-dichloroallyl)oxetane (5h)

Yield: 68% (32.6 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 8.4 Hz, 2H), 

7.19 (d, J = 8.4 Hz, 2H), 3.92 (dd, J = 13.8, 8.2 Hz, 1H), 3.85-3.69 (m, 3H), 3.32 (p, J = 8.0 Hz, 

1H), 2.15 (dq, J = 15.2, 7.6 Hz, 1H), 1.96 (dt, J = 12.4, 7.2 Hz, 1H); 13C NMR (100 MHz, CDCl3) 

δ 135.9, 134.5, 132.0, 130.5, 128.4, 123.6, 71.0, 68.6, 43.6, 31.4 ppm; νmax(KBr)/cm-1 3056, 2925, 

1645, 1516, 1437, 1132; MS (EI) m/z 113, 127, 141, 175, 196, 211, 255, 290, 320; HRMS(ESI): 

m/z calcd for C12H11BrCl2NaO [M + Na]+ 342.9263, found 342.9259.

(Z)-1-(4-(1,2-dichloro-3-(oxetan-2-yl)prop-1-en-1-yl)phenyl)ethanone (5i)

Yield: 57% (24.3 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.99 (d, J = 8.0 Hz, 2H), 

7.43 (d, J = 8.0 Hz, 1H), 7.31 (d, J = 8.0 Hz, 1H), 3.97-3.89 (m, 1H), 3.88-3.56 (m, 3H), 3.40-3.13 

(m, 1H), 2.62 (s, 3H), 2.25-2.06 (m, 1H), 2.03-1.76 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 197.6, 

142.6, 141.4, 129.2, 128.7, 128.5, 115.7, 71.4, 67.9, 45.7, 31.0, 26.7 ppm; νmax(KBr)/cm-1 3047, 

2926, 1645, 1515, 1446, 1115; MS (EI) m/z 115, 141, 176, 219, 239, 254, 284; HRMS(ESI): m/z 

calcd for C14H14Cl2NaO2 [M + Na]+ 307.0263, found 307.0265.
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(Z)-2-(2,3-dichloro-3-(3,4-dichlorophenyl)allyl)oxetane (5j)

Yield: 73% (33.9 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.49 (d, J = 8.4 Hz, 1H), 

7.43 (s, 1H), 7.15 (d, J = 8.0 Hz, 1H), 3.93 (dd, J = 13.6, 8.2 Hz, 1H), 3.83 (t, J = 8.4 Hz, 1H), 

3.76 (dd, J = 16.4, 8.4 Hz, 2H), 3.43-3.24 (m, 1H), 2.16 (td, J = 15.2, 7.6 Hz, 1H), 2.07-1.91 (m, 

1H); 13C NMR (100 MHz, CDCl3) δ 136.7, 135.5, 133.7, 133.1, 130.8, 130.7, 128.1, 127.1, 71.0, 

68.7, 43.6, 31.5 ppm; νmax(KBr)/cm-1 3054, 2926, 1644, 1500, 1446, 1138; MS (EI) m/z 139, 175, 

209, 245, 280, 310; HRMS(ESI): m/z calcd for C12H10Cl4NaO [M + Na]+ 332.9378, found 

332.9378.

(Z)-2-(2,3-dichloro-3-(2,4-dichlorophenyl)allyl)oxetane (5k)

Yield: 68% (31.6 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.49 (s, 1H), 7.32 (d, J = 8.4 

Hz, 1H), 7.25-7.17 (m, 1H), 3.95-3.84 (m, 1H), 3.80-3.66 (m, 3H), 3.17-2.89 (m, 1H), 2.19-1.97 

(m, 2H); 13C NMR (100 MHz, CDCl3) δ 136.8, 136.5, 136.2, 134.3, 131.6, 131.5, 130.1, 127.8, 

70.5, 68.4, 43.8, 31.0 ppm; νmax(KBr)/cm-1 3059, 2926, 1642, 1437, 1405, 1109; MS (EI) m/z 139, 

175, 210, 245, 280, 310; HRMS(ESI): m/z calcd for C12H10Cl4NaO [M + Na]+ 332.9378, found 

332.9378.
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(Z)-2-(2,3-dichloro-3-(naphthalen-1-yl)allyl)oxetane (5l)

Yield: 65% (28.5 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.90 (d, J = 7.6 Hz, 3H), 

7.60-7.54 (m, 2H), 7.48 (d, J = 7.2 Hz, 1H), 7.44 - 7.37 (m, 1H), 3.93-3.82 (m, 1H), 3.77 (d, J = 

8.0 Hz, 1H), 3.59 (dd, J = 13.6, 9.2 Hz, 2H), 3.10-3.00 (m, 1H), 2.14 (dq, J = 12.8, 7.6 Hz, 1H), 

1.83-1.68 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 135.4, 135.3, 134.2, 133.8, 130.7, 128.6, 127.2, 

127.1, 126.6, 125.4, 124.8, 70.7, 68.6, 43.8, 31.1 ppm; νmax(KBr)/cm-1 3049, 2924, 1643, 1564, 

1516, 1453, 1405, 1129; MS (EI) m/z 113, 163, 191, 221, 257, 292; HRMS(ESI): m/z calcd for 

C16H14Cl2NaO [M + Na]+ 315.0314, found 315.0311.

(Z)-2-(2,3-dichloro-3-(thiophen-3-yl)allyl)oxetane (5m)

Yield: 54% (20.1 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.35 (d, J = 4.4 Hz, 1H), 

7.31 (s, 1H), 7.10 (d, J = 4.0 Hz, 1H), 3.94 (dd, J = 13.6, 8.0 Hz, 1H), 3.86 (t, J = 8.4 Hz, 1H), 

3.77 (dd, J = 15.2, 7.2 Hz, 2H), 3.60-3.49 (m, 1H), 2.17 (td, J = 15.2, 7.6 Hz, 1H), 2.06-1.94 (m, 

1H); 13C NMR (100 MHz, CDCl3) δ 136.8, 134.3, 127.9, 126.3, 125.4, 124.6, 71.0, 68.7, 43.6, 

31.5 ppm; νmax(KBr)/cm-1 3046, 2928, 1643, 1506, 1455, 1124; MS (EI) m/z 105, 121, 147, 183, 

213, 248; HRMS(ESI): m/z calcd for C10H10Cl2NaOS [M + Na]+ 270.9722, found 270.9724.

19



(Z)-2-(2-bromo-3-(4-bromophenyl)-3-chloroallyl)tetrahydrofuran (6a)

Yield: 75% (42.5 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.50 (d, J = 8.4 Hz, 2H), 

7.32 (d, J = 8.4 Hz, 2H), 4.25 (dq, J = 14.4, 7.2 Hz, 1H), 3.74 (t, J = 6.8 Hz, 2H), 2.71 (dt, J = 

17.2, 8.8 Hz, 1H), 2.45 (dd, J = 14.4, 4.4 Hz, 1H), 2.08-1.97 (m, 1H), 1.94-1.81 (m, 1H), 1.80-

1.73 (m, 1H), 1.38 (td, J = 15.2, 7.6 Hz, 1H) ; 13C NMR (100 MHz, CDCl3) δ 136.3, 132.1, 131.6, 

131.4, 130.8, 129.9, 71.4, 67.9, 43.8, 30.9, 25.6 ppm; νmax(KBr)/cm-1 3046, 2924, 1643, 1515, 

1452, 1123; MS (EI) m/z 114, 149, 193, 227, 254, 307, 336, 378; HRMS(ESI): m/z calcd for 

C13H13Br2ClNaO [M + Na]+ 400.8914, found 400.8911.

(Z)-2-(2-bromo-3-(4-bromophenyl)-3-chloroallyl)tetrahydro-2H-pyran (6b)

Yield: 61% (35.8 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.51 (d, J = 8.4 Hz, 2H), 

7.22 (d, J = 8.4 Hz, 2H), 3.79 (dd, J = 14.4, 7.2 Hz, 1H), 3.74-3.59 (m, 2H), 2.59 (dt, J = 15.2, 7.6 

Hz, 1H), 2.54-2.43 (m, 1H), 1.94-1.84 (m, 2H), 1.79 (dd, J = 14.0, 7.2 Hz, 2H), 1.45-1.33 (m, 2H); 

13C NMR (100 MHz, CDCl3) δ 136.2, 131.8, 130.3, 130.0, 127.8, 123.2, 77.8, 67.6, 35.3, 34.9, 

31.2, 25.6 ppm; νmax(KBr)/cm-1 3060, 2926, 1645, 1505, 1416, 1114; MS (EI) m/z 114, 128, 150, 

229, 281, 316, 357, 392; HRMS(ESI): m/z calcd for C14H15Br2ClNaO [M + Na]+ 414.9070, found 

414.9064
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(Z)-2-(2-bromo-3-(4-bromophenyl)-3-chloroallyl)oxepane (6c)

Yield: 48% (29.2 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.51 (d, J = 8.4 Hz, 2H), 

7.20 (d, J = 8.4 Hz, 2H), 3.82 (dd, J = 14.4, 7.2 Hz, 1H), 3.67 (dd, J = 13.6, 7.2 Hz, 2H), 2.45 (t, J 

= 7.2 Hz, 2H), 1.92-1.80 (m, 2H), 1.73-1.53 (m, 4H), 1.42-1.34 (m, 2H); 13C NMR (100 MHz, 

CDCl3) δ 136.4, 131.8, 130.3, 129.9, 128.1, 123.1, 78.8, 67.7, 37.9, 34.3, 31.3, 25.7, 25.6 ppm; 

νmax(KBr)/cm-1 3056, 2928, 1646, 1456, 1423, 1125; MS (EI) m/z 105, 128, 162, 195, 207, 242, 

291, 327, 371, 406; HRMS(ESI): m/z calcd for C15H17Br2ClNaO [M + Na]+ 428.9227, found 

428.9225.

(Z)-2-(3-(4-bromophenyl)-3-chloro-2-iodoallyl)oxetane (8)

Yield: 77% (47.6 mg) as a yellow oil; 1H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 8.4 Hz, 2H), 

7.18 (d, J = 8.4 Hz, 2H), 3.94 (dd, J = 13.2, 8.4 Hz, 1H), 3.81-3.68 (m, 3H), 3.21 (p, J = 8.0 Hz, 

1H), 2.13 (dq, J = 15.6, 7.6 Hz, 1H), 2.02-1.84 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 136.4, 

132.1, 131.2, 130.2, 129.2, 123.5, 71.9, 68.6, 44.8, 32.6 ppm; νmax(KBr)/cm-1 3026, 2930, 1645, 

1486, 1453, 1108; MS (EI) m/z 115, 141, 176, 220, 267, 347, 382, 412; HRMS(ESI): m/z calcd 

for C12H11BrClINaO [M + Na]+ 434.8619, found 434.8616.
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(Z)-3-Chloro-N-(4-fluorobenzyl)-3-phenyl-2-((tetrahydrofuran-2-yl)methyl)acrylamide (10a)

Yield: 78% (58.2 mg) as a white solid; mp = 133.4 - 135.0 oC;1 H NMR (400 MHz, CDCl3) δ 7.42 

- 7.34 (m, 7H), 7.03 (t, J = 8.6 Hz, 2H), 6.74 - 6.65 (m, 1H), 4.61 (dd, J = 14.8, 6.0 Hz, 1H), 4.51 

(dd, J = 14.8, 5.6 Hz, 1H), 3.93 - 3.84 (m, 1H), 3.70 (dd, J = 14.8, 6.8 Hz, 1H), 3.61 (dd, J = 15.0, 

7.2 Hz, 1H), 2.57 (dd, J = 14.2, 3.6 Hz, 1H), 2.37 (dd, J = 14.2, 10.0 Hz, 1H), 1.96-1.85 (m, 1H), 

1.77 (dt, J = 14.4, 6.8 Hz, 2H), 1.34 (ddd, J = 14.8, 12.0, 7.6 Hz, 1H); 13C NMR (100 MHz, 

CDCl3) δ 168.3, 162.2 (d, J = 245.6 Hz), 137.3, 134.3, 133.8 (d, J = 3.1 Hz), 130.5, 129.7, 129.6, 

128.9 (d, J = 3.2 Hz), 128.4, 115.5 (d, J = 21.4 Hz), 76.9, 67.7, 42.9, 37.9, 31.4, 25.5 ppm; 

νmax(KBr)/cm-1 3362, 3028, 2936, 1644, 1456, 1408, 756; MS (EI) m/z 71, 109, 207, 268, 303, 

373; HRMS(ESI): m/z calcd for C21H21ClFNNaO2 [M + Na]+ 396.1137, found 396.1143.

Cl

Ph

NH
BrO

O

(Z)-N-(4-Bromobenzyl)-3-chloro-3-phenyl-2-((tetrahydrofuran-2-yl)methyl)acrylamide (10b)

Yield: 71% (46.1 mg) as a white solid; mp = 125.2 - 126.8 oC; 1H NMR (400 MHz, CDCl3) δ 7.51 

- 7.47 (m, 2H), 7.45 - 7.36 (m, 5H), 7.29 (d, J = 7.2 Hz, 2H), 6.82 - 6.71 (m, 1H), 4.61 (dd, J = 

15.0, 6.0 Hz, 1H), 4.52 (dd, J = 15.0, 5.8 Hz, 1H), 3.95 - 3.87 (m, 1H), 3.77 - 3.70 (m, 1H), 3.68 - 

3.61 (m, 1H), 2.58 (dd, J = 14.2, 3.6 Hz, 1H), 2.39 (dd, J = 14.2, 10.0 Hz, 1H), 1.96-1.87 (m, 1H), 

1.83 - 1.77 (m, 1H), 1.41 - 1.33 (m, 1H); 13C NMR (100 MHz, CDCl3) δ 168.3, 137.3, 137.1, 
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134.2, 131.7, 130.6, 129.7, 128.9, 128.9, 128.4, 121.3, 77.3, 67.8, 43.0, 37.9, 31.4, 25.5 ppm; 

νmax(KBr)/cm-1 3356, 3030, 2938, 1642, 1476, 1413, 768; MS (EI) m/z 71, 115, 169, 264, 328, 

365, 433; HRMS(ESI): m/z calcd for C21H21BrClNNaO2 [M + Na]+ 456.0336, found 456.0340.
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X-ray Crystallographic Analysis for Product 10a

The CCDC number of compound 10a is 1491284.

Ph

Cl
O

NH
O F

10a

Crystal Data and Structure Refinement for Product 10a
Empirical formula C21H21ClFNO2

Formula weight 373.84

Temperature 150(10) K

Wavelength 1.54184 Å

Crystal system monoclinic

Space group P 1 21/c 1

a= 9.4639(2) Å, α= 90.00o

b= 21.8249(5) Å, β= 104.752(3)oUnit cell dimensions

c= 9.3192(2) Å, γ= 90.00o

Density (calculated) 1.334

Absorption coefficient 2.024

F(000) 784

Crystal size 0.2×0.1×0.1

Theta range for data collection 4.05 to 74.11

Index ranges -10<=h<=11, -26<=k<=24, -11<=l<=9

Reflections collected 12068

Independent reflections 3691

Completeness to theta = 25.00° 99.94%

Absorption correction multi-scan

Refinement method Full-matrix least-squares on F2

Data/restraints/parameters 3691/0/235

Goodness-of-fit on F2 1.033

Final R indices [I>2sigma(I)] R1 = 0.0446, wR2 = 0.1182

R indices (all data) R1 = 0.0476, wR2 = 0.1209
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NMR Spectra for all Compounds
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Studies on the Stereochemistry of 3a
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